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Abstract. i1 a joint effort between engineers and scientists at the Jet Propulsion Lab

oratory and the California Institute of Teclmology, a near-infrared (0.8 - 2.6 pmn) direct
imaging syste m has been devcloped and integrated into the Caltecl Paloma y Observatory
detectorseries, The camera system has been tested aud operated in a science mode at the
prime-focus (£/3,3) of the lale 5. Telescope. This paper outlines the system camponents
and performance, including discussion of the detector lincarvity.
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1.PFIRC AMSystem Components andPerformance

The system parts include a double-walled 1N, dewa  containing the ar-
ray, opticsandfilter wlicels, clectronic components (pre-amplifier, A/1) con-
verter, bias and timing, and high speed data transfer), and computer con-
t]'oil{’1" (highspeed gis recciver, array test software, epu, ete.).

The ifrared array is a matrix of 256 x 256 photodiodes formed hy
ion implantation into a layer of JpCdTe grown on a sapphire substrate
(Rockwell’s NICMOS 111). The pixelsize is 40 x 40,1111, corresponding, to
a plate scale of 0.51”x0.54”, giving a total field of view ~2.3'x 2.3’ T'he
overall camera syste mresolution is 11 elect rons/DNwith a dynamic range
~1 70,000 clectrons subject to arcad noise ~ 50 electrons. At prime focus
(1/3.3) on the Hale 5 Telescope the 10% limiting magnitudes are K ~106.7,
H ~ 17.9, and 3 ~18.8 in GO sccond exposures.

2. PFIRCAM Lincarity

1 'he NICMOS 111 detector behaves nonlinearly at all flu x levels, in a
pixel-to-pixel dependent fashion. In order to model the detector response
we obtained multiple signaliniages of the Hale 2007 mirror cover. A typical
pixel response includes a lincar region followed by rollover and sat uration.
The linear regime may be characterized by the quadratic
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where tis the integration time. In this fit the various tering are to be inter-
preted as: qp the zero bias level, ay the quantum efliciency or sensitivity, @y
the non-linearity or saturation, andagthe dynamic range.

The fitting procedure follows four steps: (1) form (4,DN) pairs for each
pixel; (2) ciminate pixels withDN > 95% of the saturation threshold; (3) per-
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form quadratic least-s(luaws fit; (4) residuals are computed for cach point;
data where the residual exceeds 20 are eliminated and the fit is recalculated.

The basic p rocedure to lincarly rectify PFIR CAM science data is
sketchedbelow.,
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The observed DN and «; polynomial coeflicients are used t o compute a
“virtual” exposure time needed to nat ¢l the calibration linear-sequence
data. Accordingly, we must solve for 1, in the quadratic

D N(obs) =ap 4 ayt, 4 1121‘,2 (2)

where the solution we see is t he sinallest positive root; 1 is thennultiplied
by quantum efliciency a; w» give th ¢ lincari zed data;
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1t DN(obs)i; > ax, then pixel (i,j) is flagged as sat urated and set to some
constantlowert hreshold.

For very large dat a sets itmay be necessary 1o further optimize the
computational pipeline by solving the quadratic using a scries expansion.
The smallest positive root has the solution
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